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Handbook of facial growth, ed 3, Philadelphia, 1990, WB Saunders)
Figure 2: As the mandible grows in length, the ramus is extensively remodeled,
so much so that bone at the tip of the condylar process at an early age
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(Redrawn from Enlow DH Handbook of facial growth, ed 3,
Philadelphia, 1990, WB Saunders)
Figure 3: Intemal rotation of the mandible (i.e. rotation of the core relative to
the cranial base), has two components: A, rotation around the
condyle, or matrix rotation; and B, rotations centered within the
body of the mandible, or intramatrix rotation.3 C, Superimposition
on implants for an individual with a normal pattem of growth,
3showing surface changes in the mandible from ages 4 to 20 years.
(From Bjork A, Skieller V. Eur J Orthod 1983; 5:1-46.)
Figure 4" The pattern ofjaw rotation in an individual with the "long face"
pattern of growth (cranial base superimposition). As the mandible
rotates backward, anterior face height increases, there is a tendency
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to the mandible.3 (From Bjork A, Skieller V. Eur J Orthod 1983;
5:29.)
Figure 5: Summary diagram of the growth of the mandible. Growth directions
involving periosteal resorption are indicated by arrows pointing into
the bone surface, and growth directions involving periosteal
deposition are represented by arrows poiming out of the bone
surface. (From Enlow DH, Harris DB. A study of the postnatal
growth of the human mandible. Amer J Orthod 1964; 50:25.)
Figure 6: Scammon’s growth curves of the maxilla and mandible related to
curves of other areas of body growth. Note the mandibular curve
following that of the general body more closely than the maxilla.3
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Abstract:
This prospective, clinical study analyzed the skeletal and dentoalveolar effects
of a fixed, intermaxillary Class II correction appliance commercially known as the
Twin Force Bite CorrectorTM via a standardized protocol. Twelve male subjects (mean
chronological age 13.8 +/- 1.1 years) and eight females (mean chronological age 13.3
+/- 0.4 years), already in comprehensive orthodontic treatment and exhibiting one-half
to full cusp Class II maloccluded dentitions, were treated for an average of 3.2 months.
The resulting clinical data was compared with growth data obtained from somatic age-
matched Class I and Class II controls and also to qualitative estimations of biologic
response based on mechanical loading conditions presented by this appliance. A pre-
appliance cephalometric radiograph was taken no longer than one week prior to
appliance placemem, and again at one week after appliance removal. Means and
standard deviations were calculated and ranges given for changes in each
cephalometric measurement, and student t-tests were utilized to determine statistical
significance of the changes at levels ofp<0.001, p<0.01, and p<0.05. Significant
skeletal effects were posterior and inferior movement ofthe anterior maxillary demure
base, inferior movement of the anterior mandibular denture base, increase in effective
mandibular length, and decrease in skeletofacial convexity. Significant changes in
intermaxillary dental relationships were a large, clockwise occlusal plane rotation via
intrusion of the maxillary posterior and mandibular anterior teeth and extrusion of the
mandibular posterior teeth, and reduction of overjet and molar relationships in favor of
Class I occlusion. The maxillary demition distalized with a slight componem of
uncontrolled tipping of the central incisors and the mandibular dentition moved
forward in a controlled tipping manner. Skeletal and dental components of molar and
overjet correction were similar to those obtained through treatment with other active
and passive fixed functional appliances; magnitudes of these changes were often as
great as those of the other appliances but obtained in half the treatment time.
Background’.
The Class II Condition
Class II malocclusion, as defined by Edward H. Angle, is a state of the
dentition in which the mesiobuccal cusp tip of the maxillary first molar is mesial to the
"normal," or CI, position at the buccal groove of the mandibular first molar. Most
commonly in this situation the other maxillary posterior teeth are also more mesial
than their mandibular counterparts. Class II, Division I malocclusions are those in
which patients exhibit an excessive OJ and flared maxillary incisors.
Class II malocclusions are usually accompanied by sagittal skeletal jaw base
disharmonies in which either the maxilla is prognathic relative to a normal mandible,
the mandible is retrognathic relative to a normal maxilla, or a combination thereof. In
the United States, Class II malocclusion is due almost entirely to mandibular
deficiency. 1’2 Fifteen percent to twenty percent of the contemporary U.S. and northern
European population have a Class II malocclusion, and it is likely that for most of
these individuals, there is an inherited tendency toward retrognathic facial
proportions.3
Adolescent Craniofacial Growth
The human face grows downward and forward. Growth ofthe nasomaxillary
area is produced by two basic mechanisms: .(1) passive displacement, created by
growth in the cranial base that pushes the maxilla forward, and (2) active growth of
the maxillary structures and nose (Figure 1).4 Cranial base growth stops around age 7
with cessation of neural growth. The maxilla cominues to grow downward and
forward via bone addition in the tuberosity area posteriorly and at the posterior and
superior sutures while selective resorption occurs at the anterior aspect. Prior to the
pubertal growth spurt, the maxilla grows at a faster rate in the anterior direction and
attains a more anterior position relative to the mandible. During puberty, this trend is
reversed and the mandible grows inferiorly and anteriorly at a higher rate through
remodeling at the ramus and endochondral bone formation at the condyle. The ramus
is selectively resorbed at its anterior aspect and apposition occurs at the posterior
aspect (Figure 2). The maturing face becomes less convex as the mandible and chin
become more prominent as a result of differential jaw growth.
In summary of vertical growth patterns during adolescence, one can expect the
vertical growth of the posterior mandible, superior bone formation at the condyle, to
exceed that of the maxilla, thereby creating a gradual increase in an intermaxillary
growth space into which the dentition is free to erupt. This eruption has been
documemed specifically at the molars as 2/3 maxillary molar eruption to 1/3
mandibular eruption. At the same time, there is "rotational remodeling" of the
mandible, essentially bringing the anterior mandible superiorly and posterior mandible
inferiorly (Figure 3), unless an aberrant downward and backward growth pattern exists
(Figure 4). Well known for his accurate depictions of craniofacial growth, Enlow
illustrates the overall growth of the mandible in Figure 5.
Class II Treatment Timing as it Relates to Somatic Maturation
The ideal time to begin treatment of Class II dental and skeletal conditions is
just prior to the pubertal growth spurt, during which growth modification can be
obtained, as has been well documented throughout the history of orthodontics. The
peak growth rate in height that one experiences during puberty is reasonably well
correlated to a similar peak in mandibular growth (Figure 6). In addition to assessing
stage of skeletal maturity via the curve of growth rate in body height,s’6 one can utilize
hand-wrist radiographs’7’8 or radiographic/cephalometric evaluation of the cervical
vertebrae development, as developed and refined over the years by numerous
investigators.9’1’11’12 Per Franchi and Bacetti, there are five cervical vertebrae
maturational stages, CVMS I-CVMS V (Figure 7)"
CVMS I: the lower borders of all the three vertebrae are flat, with the possible
exception of a concavity at the lower border of C2 in almost half the cases.
The bodies of both C3 and C4 are trapezoid in shape (the superior border of the
vertebral body is tapered from posterior to anterior). The peak in mandibular
growth will occur not earlier than one year after this stage.
CVMS II: Concavities at the lower borders of both C2 and C3 are present. The
bodies of C3 and C4 may be either trapezoid or rectangular horizontal in
shape. The peak in mandibular growth will occur within one year after this
stage.
CVMS III: Concavities at the lower borders of C2, C3, and C4 are now present. The
bodies of both C3 and C4 are rectangular horizontal in shape. The peak in
mandibular growth has occurred within one or two years before this stage.
CVMS IV" The concavities at the lower borders of C2, C3, and C4 are still present.
At least one of the bodies of C3 and C4 is squared in shape. If not squared, the
body of the other cervical vertebra still is rectangular horizontal. The peak in
mandibular growth has occurred not later than one year before this stage.
CVMS V: The concavities at the lower borders C2, C3, and C4 still are evident. At
least one of the bodies of C3 and C4 is rectangular vertical in shape. If not
rectangular vertical, the body of the other cervical vertebra is squared. The
peak in mandibular growth has occurred not later than two years before this
stage.
These investigators found the greatest increments in mandibular and craniofacial
growth between cervical vertebrae maturational stages 2 and 3, when the peak in
statural height also occurred.
Peaks in growth rate occur on average for girls around 12 and for boys around
14 years of age (Figure 8), although recent surveys show a U.S. population trend
toward earlier attainment of these peak rates. From Figure 8, peak rates in girls, Stage
II, are approximately when there is noticeable breast bud development, pubic hair is
darker and more widespread, and hair appears in the armpits. Onset of menstruation
occurs at Stage III, at the back end of the peak. In boys, Stage II occurs at initiation of
peaking growth velocity. The boy grows drastically in height and pubic hair appears.
At peak velocity, Stage III, axillary hair appears and facial hair appears on the upper
lip only.
Class II treatment timing is ideally earlier in girls in chronological age than
boys due to their attaining the adolescent growth spurt or pubertal increase in growth
rate earlier. In fact, girls can often have a juvenile acceleration in jaw growth one or
two years prior to the adolescent spurt which actually can equal or even exceed the
jaw growth seen during their adolescent spurt in which secondary sexual maturation
occurs. 13 This only emphasizes the orthodontist’s need to assess the developmental, or
physiologic, age of all patients prior to treatment planning.
The goal in growth modification CII treatment is usually twofold. Firstly, the
maxilla and maxillary dentition should be held from developing in a downward and
forward direction relative to the cranial base. By doing so, any anterior development
of the mandible leads to differential growth of the two jaws. Maxilla is held, mandible
is not held. Secondly, the mandible can be encouraged to grow through continuous
protrusive positioning further than it would under normal physiologic stress
conditions. However, this claim has been disputed and the question must be asked
whether the statistically significant augmentation of growth in a favorable anterior
direction over controls would be clinically significant in correcting a Class II
malocclusion.
Mechanics
Orthodontics could not be successfully delivered to patients if it were not for
the utilization and understanding of force systems placed upon teeth and the bones that
house them. The pioneer orthodontist who began to describe tooth movement based
on quantified forces placed on them was Calvin Case in the early twentieth century.
Charles J. Burstone continued and greatly elaborated on this essential aspect of
orthodontic planning and treatmem into the modern day. Case, in 1921, described the
engineering principles necessary for designing force-driven appliances. Case
pondered the need for "machines" of all sorts, each specifically suited to treating a
certain type of demal imperfection or malocclusion. "In the contemplation of applying
force to a tooth for its movement, every condition should be considered:
1) Its situation in relation to the arch and adjoining teeth;
2) The number, probable length, shape, and inclination of its roots
3) The probable yielding quality of its alveolar embedment in relation to
the required movement;
4) The possibility of attaching appliances to the crown, which will permit
the proper application of force;
5) Finally, the influences of occlusion, dento-facial relations, and the
possibilities of retention.
"In the choice or invention of a regulating apparatus, after the several required
movements of the case have been determined, a careful study of the demands will
present opportunities for its application.’’14
For many years, Case’s contributions to the profession fell by the wayside,
perhaps due to a tenuous understanding of engineering mechanics and physics
principles amongst the practicing orthodontists of the day. Instead, advancements in
appliance design were more a result of clinical trial and error, which essentially was a
scary "what worked, what didn’t" learning curve. In 1961, Burstone became a beacon
of the mechanics-driven design philosophy in his publication of an article depicting
use of basic mechanical principles in the production of light, continuous forces. The
forces in orthodontics are useful only insofar as they initiate desirable tissue responses
and are distributed throughout the periodontal ligament which depend on the root
(length, diameter, contour), nature of the periodontal ligament, site of force
application, and the distance over which the forces act. 15
Storey and Smith were also advocates of understanding force levels imparted
on teeth and the biological or clinical result of their usage. "In the designing of an
orthodontic appliance to perform a specific function, it is necessary to know the
maximum force which may be applied without causing damage to tissues and it is also
essential to know if there is a value of force up to which the surrounding tissues will
support a tooth without any bone resorption and tooth movement, i.e. a tissue
threshold force.’’6 For tooth movement, there is a definite threshold for the duration
of force: unless force is applied to a tooth for at least 6 hours per day, no bone
remodeling occurs. A similar time dependent relationship exists of bony sutures such
as those by which the maxilla attaches to the surrounding bones, the zygoma,
pterygoid plates, and frontonasal area. Appositional bone growth that takes place at
these sutures and thus enables the maxilla to essentially "grow" downward and
forward, can be slowed by forces compressing these sutures in optimal ranges of
magnitude and for certain durations.
In addition to the duration and magnitude of a force being important, the point
of force application to a body, be it a tooth, a "rigid" consolidation of teeth in the
dentoalveolus, or a specific bone, is an entity that also must be controlled. Given the
same force magnitude, direction, and duration, a result of the force’s action can be
altered tremendously if one does not control its point of application.
All rigid bodies have a center of mass known as a center of resistance (CR) in
orthodontics or a centroid in conventional engineering. This is the point in a body
about which pure rotation will take place. For a given force acting through this center
of resistance, a body will simply translate in the direction of the force vector. If the
force (F) is acting on that body at a distance "x" from its CR, the body will translate in
the direction of the force vector as before but it will also rotate about its CR subject to
a moment defined as M=Fx. A moment, therefore, is simply the product of the force
and the distance along its perpendicular to the CR of the body. For example, if a tooth
experiences a force of 100 grams acting perpendicular to its long axis at a bracket on
the crown at a distance 10mm from the CR, the tooth would translate subject to the
direction of the force and it would also rotate subject to the moment that the force
creates around the tooth’s CR, M 100g (10mm) 1000g mm. If one desires only
translation, a moment of equal magnitude in the opposite direction would need to be
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imparted on the body, negating the first moment, with an end result ofpure translation.
In orthodontics, this is the applied moment.
When contemplating the result of loading conditions being placed upon a
body, it is essential to construct a free-body diagram to analyze the system. This
diagram consists of a closed outline of the external boundary of the system defined.
All bodies that contact and exert forces on the system but are not a part of it are
removed and replaced by vectors representing the forces they exert on the system
isolated. In this way, we make a clear distinction between the action and reaction of
17each force, and account is taken of all forces on and external to the system.
Regarding reactive movements to mechanotherapy in orthodontics, however, a
dicrimination between the skeletal and the alveolar components is required. Every
hard-tissue unit of the masticatory system attached to sutures or periodontal ligaments
possesses its own center of resistance. This is true of a single tooth, of a group of
teeth fixed together, and of the maxilla itself. 18
It is often the case that the reactions themselves-which are external forces-
cannot be determined by simply drawing a free-body diagram of the member and
writing the corresponding equilibrium equations. If there are more unknowns than
equilibrium equations available to solve for the unknowns, the system becomes
statically indeterminate. The equilibrium equations must be complemented by
relations involving deformations obtained by considering the geometry of the problem.
Unfortunately, given the transient nature of a biologic response to given appliance
loading conditions in orthodontics, it is improbable that one could accurately model
the deformations or even movements occurring within a non-isotropic, non-
11
homogenous material, or body, such as bone from theoretical mechanics. If bone were
a Newtonian "fluid" such as air or water, its response to a given force application
would be theoretically quantifiable and predictable based on traditional kinematic and
kinetic equations. Therefore, in these circumstances, assumptions are often made to
simplify the system enough to qualitatively predict the response. In addition, we can
extrapolate from the deformations of our orthodontic materials such as wires the
approximate forces or moments acting on that body by the bone-periodontal ligament
composite material "against" the orthodontic appliance loading conditions. In
summary, the well-trained orthodontist must understand the force system imparted on
the teeth by a given wire configuration and activation. The "X-factor" is the biologic
response to the specific magnitude ranges, direction, and points of force application,
which through the evolution of orthodontics we have elucidated through clinical
studies.
It has become the standard in orthodontics to quantitatively depict the static
loading conditions placed upon a body such as a tooth or a consolidation of teeth such
as the dentoalveolar unit at "Time=O and predict the dynamics of the system based on
past clinical results of similar loading conditions in studies. Estimates of initial stress
have been useful for defining the mechanical stimulus for initiating orthodontically
induced bone resorption and formation. Forces and movements are vectors; apart
from individual variation in the amount of reaction to forces, the reactive movement
vector at any given site of an influenced hard-tissue unit depends mainly on the
position of its center of resistance relative to the force vector and on the amount and
time of force application. 18 Burstone declares that in order to obtain optimal stresses in
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the periodomium, a clear understanding of force magnitude, direction, point of force
applications, and duration is needed in order to produce desirable and predictable
results. 19’2’2 A careful analysis of the force variables from the applied force system
must be quantified along with the observed primary and secondary displacement of
facial bones.22 In growing patients the resulting movement can then be appraised by
the addition of reactive movement and average growth-movement vectors, is
The choice of wire in orthodontics for a particular force magnitude and
duration and range of force application is crucial to success of outcome. Load-
deflection rate is a very important property of a wire. A stiffer wire will require more
force magnitude to deflect it a given distance than a more flexible wire. The two most
common methods of altering a member’s load-deflection rate are to change materials
or cross-sectional geometry and size. It is generally the case that orthodontists think
"microscopically" at first, using wires with low load-deflection rates to level and align
the teeth. In other words, when desiring to move individual teeth relative to each
other, a low load-deflection rate is desired. When teeth are aligned and we wish to
move the dentoalveolar unit relative to a skeletal jaw base, to transmit forces through
an entire dentoalveolar unit to the underlying skeletal jaw base in order to induce
orthopedic change, or both, we think "macroscopically" and use a wire with a very
high load-deflection rate. Specifically, round cross-sections are generally less stiff and
more flexible than rectangular cross section. Stainless steel is considered the stiffest
of all commonly used orthodontic wire materials with a given cross-section and
Elgiloy is an alloy with higher stiffness than steel.
13
Non-extraction, Fixed Functional Appliance, Class II Treatment Modalities
Orthodontists since the inception of the specialty have been striving to correct
dental and skeletal Class II’s through a multitude of methods and appliances.
Nevertheless, most endeavor to essentially do the same thing in the growing patient
when the discrepancy is not severe enough to warrant extracting teeth to camouflage
the discrepancy or even surgery to displace the jaws. Orthodontists strive to harness
all anterior mandibular growth possible, especially relative to the maxilla. When the
discrepancy cannot be corrected entirely through differential skeletal growth,
obtaining mesial shifting or remodeling of the mandibular dentoalveolus and distal of
the maxillary dentoalveolus is necessary in addition to the orthopedic change.
A classic method of obtaining exaggerated differential jaw growth is the
headgear. The headgear delivers forces to the maxillary first molars through tubes on
the molar bands intended for just this purpose. Bite plates and functional appliances
that encompass the maxillary dentition can also have these tubes attached so that the
headgear force is delivered to the entire maxillary dentition. The headgear has two
main parts: the strap, that either goes around the top of the head or the back of the
neck, and the facebow, with its inner bow attaching to the molars, and its outer bow
ending in loops to which the strap attaches. The orthodontist is afforded sundry
loading conditions by which he can attack a specific patient’s Class II problem and
facial pattern, be it long face or short face, through utilization of the headgear. In
brief, long face patients receive high-pull headgear, short face patients receive
cervical-pull headgear. While both exert a posterior force at their attachment to the
dentition, usually the first molar, the high pull halts or slows normal eruption into the
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intermaxillary growth space as its vertical component of force and the cervical-pull
headgear provides an extrusive vertical component to its force. Thus, in the short-
faced patient, the rationale in using cervical-pull is that the extrusive component of
force will encourage the posterior maxillary teeth to extrude, hinging the mandible
open which lengthens the face anteriorly, but this result is related to duration of use
and force application and force magnitude.
The prescribed force magnitude of a headgear for each side can be broken
down into its vertical (perpendicular to occlusal plane) and horizomal (along/parallel
to the occlusal plane) components. In addition to the importance of force magnitude
and direction of force imposed by a headgear on the dentition is.the point of force
application of the force relative to centers of resistance of the teeth individually, as a
whole, and of the maxilla itself. The orthodontist can alter the point of force
application and thus the line of the force vector relative to the centers of resistance by
lengthening or shortening the outer bow and by changing its angulation relative to
occlusal plane. These changes enable the orthodontist to manipulate the forces
delivered by the headgear in such a way as to hold against, or counteract, the particular
aberrant growth vector of the patient. Some investigators have claimed distalization
and intrusion of the maxillary first molars in addition to simply holding against further
eruption, although this is most likely when a patient wears the headgear full time,
which is becoming increasingly less likely in American society today. The success of
headgear use as a growth modification modality is greatly subject to patient
compliance. Therefore, treatment duration and magnitude of clinical response will
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differ from patient to patient due to the sporadic and uncontrolled usage of the
appliance.
Functional appliances strive to posture the mandible forward and capitalize on
augmented anterior mandibular growth,2 redirected condylar growth, glenoid fossa
remodeling in which bone is claimed to be appositionally placed at the superior and
posterior aspects24, and/or withholding of downward and forward maxillary growth.
In positioning the mandible forward, most functional appliances also transmit forces
derived from the mandibular closing and retrusion musculature through the appliance
to the maxillary dentition and thus the maxilla and its three primary sutures. There are
removable functional appliances and fixed functional appliances. Of the removable
appliances, some are tissue-borne, such as the Frankel-2 and others, tooth-borne, such
as the Twin Block. The classic example of a fixed functional appliance is the
Herbst.25
The Herbst appliance (Figures 9-10) is a fixed functional appliance originally
developed in the early 1900’s. Its popularity was revitalized by a very thorough
investigator by the name of Hans Pancherz from the late 1970’s through the early
1990’ s, in which time he published upwards of 15 articles analyzing its treatment
outcomes when placed in pre-peak, peak, and/or post-peak pubertal growth patients.
The Herbst appliance traditionally is an appliance which acts as an "artificial joint"
about which the patient’s mandible is protruded forward on closure a certain distance
that is dictated by the fixed length of the plunger/tube, or telescope, design between
the maxillary attachment at the first molar and the mandibular attachment at the canine
bilaterally.
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In a well-controlled prospective clinical study of 6 month Herbst treatment in
pre-peak pubertal patients with Class II, Division I malocclusions, Pancherz2 found
that bite jumping with the Herbst resulted in Class I occlusal relationships in all
treatment subjects. The mandible in each treated patient was "jumped" anteriorly to
an end-end relationship between central and lateral incisors. In this way, the dental
arches were placed into a Class I or overcorrected Class I relationship with the
posterior teeth out of occlusion. The resulting improvement in occlusion was equally a
result of skeletal/orthopedic and dentoalveolar/orthodontic change. Class II molar
correction averaging 6.7mm was mainly a result of a 2.2mm increase in mandibular
length, a 2.Smm distal movement of the maxillary molars, and a 1.0mm mesial
movement of the mandibular molars. Overjet correction averaging 5.2mm was mainly
a result of a 2.2mm increase in mandibular length and a 1 .Smm mesial movement of
the mandibular incisors. Anterior condylar displacement (0.3mm), redirection of
maxillary growth (0.4mm), and distal movement of the maxillary incisors (0.5mm)
were of minor importance in the improvement in molar and incisor relationships seen.
Yet another study showed a more pronounced effect of treatment on the maxilla.26
This difference, however, could be attributable to the latter study using angular
measurements (SNA) to depict the changes, which could be misleading because of
possible anterior growth displacement of nasion (N) itself during the treatment time.
Pancherz also found a direct relationship between the amount of bite jumping at the
start of treatment and the treatment effects on the occlusion and on mandibular
growth.
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The reader must note that the 6 month treatment time in each patient was stated
to have been initiated prior to maximal pubertal growth, as assessed by a radiographic
examination of the hand.27 Therefore, all patients in the study had a great potential for
anterior mandibular growth on average. Nevertheless, the treatment group displayed a
differential mean increase in mandibular length over the control group of 2.2mm. One
could argue that inhibition of tooth eruption in the buccal segments could cause
autorotation and apparent chin movement unrelated to increased condylar responses
but in this study, the Herbst had no significant rotational effect on the mandible.23
Pancherz declared that dental changes were a result of anchorage loss in the two dental
arches and surmises that "a modification in appliance design, incorporating more
dental units," would increase anchorage. McNamara performed a comparative study
of a modified Herbst (tooth-borne) and the FR-2 (tissue-borne) CII correction
functional appliances.28 The modified Herbst (Figure 11) utilizes the same protrusion
or posturing telescopic mechanism but incorporates additional teeth into the upper and
lower anchorage units with acrylic splints.
In McNamara’s modified Herbst treatment,28 a statistically significant vertical
change was that of occlusal plane change, with an increased clockwise rotation of 3.8
23degrees in excess of age-matched controls for the treatment time period. Pancherz ,29
also found an occlusal plane change, but it was not statistically significant over that of
the controls. This could possibly be due to the increased intraarch anchorage of the
modified Herbst. In contrast to the 2.2mm increase in mandibular length over a 6
month period with the banded Herbst, the acrylic splint Herbst, over a 1-year period,
has yielded 2.7mm28 to 3.5mm. In annualized measurements, the McNamara study
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revealed a distalization of the maxillary molar of 1.4ram in the Herbst group, netting a
difference of 2.7mm over the controls, which exhibited an average of 1.3mm mesial
movement. The maxillary molars in the Herbst group were limited to 0.5mm inferior
movement as opposed to 1.6mm for the control group. The upper incisor in the
control group moved forward an average of 0.9mm and the Herbst group-0.5mm.
But at the same time the vertical upper incisor movement was significantly greater in
the inferior direction, as one would expect with the occlusal plane change mentioned
earlier. Despite the modified Herbst not having any profound effect on the maxillary
complex, there was significant movement of point A (-0.5mm). This could be
attributed to the palatal tipping of the upper incisors.28 Movements of the mandibular
molars and incisors were also significant over that of the controls. The molar was
mesialized 1.4mm with the Herbst and 0.5ram in the controls. There was a 2.0mm
differential in the anterior movement of the tip of the incisor between the Herbst and
the control. The lower incisor also intruded relative to the controls in the Herbst
group, although this could be relative intrusion in that the incisors simply flared,
bringing the incisal edges inferiorly.
In summary, numerous studies involving the Herbst appliance in growing
patients have yielded similar results, such as is seen in Figure 12.31 There is a
headgear effect on the maxilla and its dentition.29’2’’4’’36 Croft states that long-term
maxillary orthopedic effects reported for older patients have been of lesser magnitude
32and often produce only temporary effects suggesting that maxillary growth
modifications in younger patients may be more adaptable and less susceptible to
relapse. The Herbst distalizes the upper dentition, retroclines the maxillary incisors,
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and restrains sagittal displacement ofA point.29’’4’ 5 Pancherz (1993) additionally
found intrusion of the maxillary first molars in 69% of treated patients. Treatment
groups also revealed increased mesial movements of the mandibular dentitions within
increased increments of anterior mandibular growth1’32’34’5’7’38 In fact, Pancherz and
Hagg37 found that sagittal growth at the condyle in patients treated with the Herbst
appliance at the peak in pubertal growth was twice that observed in patients treated
three years before or three years after the peak. Greater percentages of molar and
overjet correction were dentoalveolar in nature in post pubertal peak patients, with
greater lower incisor flaring in these older patients.32’39 Redirection of condylar
growth to that of favorable posterior directed condylar growth occurs, with higher
magnitudes seen in peak pubertal patients.32’34’4
Several animal experiments have shown condylar growth stimulation in
response to bite jumping or continuous mandibular protrusion.41’42’4’44’45’46 Growth of
the rat mandibular condyle may be inhibited during space flight because of
weightlessness and the decrease in functional loading.47 Control of most bone
modeling and some remodeling processes are related to strain history, which can be
defined in microstrain. Repetitive loading generates a specific response, which is
determined by peak strain.48’49 There is an optimal range of microstrain that will
produce bone hypertrophy and thus growth in the direction of the force vectors,
outside of which can lead to fatigue failure or atrophy where resorption predominates
over formation. Woodside studied remodeling changes in the condyle and glenoid
fossa in the monkey following a period of progressively activated and continuously
maintained mandibular advancement using the Herbst. Extensive remodeling and
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anterior relocation of the glenoid fossa was obtained, which contributed to anterior
mandibular positioning and altered jaw relationships,s This finding is in agreement
with other animal studies51’52 which showed stimulation of new bone formation in the
fossa through mandibular protrusion. Croft et al declared through tomographic studies
that condylar growth was redirected in a favorable posterior direction but his results
"did not support the notion that constant mandibular propulsion encourages an anterior
displacement of the glenoid fossa in humans. It appears unlikely that treatment-
induced fossa displacemem plays any significant role in Class II correction." In the
end, it is clear from legitimate, well-controlled, prospective clinical studies that
"effectiveness of therapy with functional appliances strongly depends on the
responsiveness of the condylar cartilage, which in turn depends on the growth rate of
the mandible.’’s3 Some investigators have queried whether facial morphology has a
statistically significant difference in Herbst treatment effects over a given period of
treatment time. Pancherz and Hagg4, "in the analysis of mandibular morphology and
mandibular-cranial base relationships, no significant differences were found in the
three growth-period groups" with respect to differences in dental versus skeletal
movement in correction of Class II.
The Herbst appliance is a fixed functional appliance that derives its orthodontic
forces from the forces of the retrusion and closure musculature acting upon the
mandible in its protruded position. Fixed functional appliances such as the Jasper
JumperTM, Eureka SpringTM, Adjustable Bite Correctoffu, and the Twin Force Bite
Correctoffu, although they presem similar points of force application, have
incorporated active pushing forces within the appliance. Thus, if the patient were
21
protruding an equal distance, the magnitude of the resultant force would be higher in
these appliances with additive spring forces. Clinical studies of the Jasper Jumper and
the Eureka spring have indicated similar dental and skeletal effects to those of the
Herbst. McNamarass concluded that approximately equal components of Class II
correction were skeletal and dental in nature in use of the Jasper whereas Weiland and
colleagues6 attributed 38% of molar correction to skeletal changes. A 2mm increase
in mandibular length, little maxillary skeletal change, a pronounced 2.5mm relative
posterior movement of the maxillary buccal segments, and proclination of the lower
incisors have been reported.31,s7,s8 Weiland discovered marked intrusion of the lower
incisors with a concomitant reduction in deep bite. Increased intraarch anchorage with
the fixed push-type functional appliances is believed to contribute to increased
orthopedic components of Class II correction relative to dentoalveolar change.
The Twin Force Bite CorrectorTM (TFBC) is a fixed push-type intermaxillary
functional appliance delivering a spring induced force through the point of attachment
to both the maxillary and mandibular arch wires along the long axis of the appliance.
As with all fixed Class II appliances, its use is full-time and not subject to
uncontrolled patient compliance. Its manufacturer claims twice the range ofmotion of
comparable devices due to incorporation of ball and socket joint fasteners. The TFBC
(Figure 13A,B) incorporates two plunger/tube telescopic assemblies per side, each of
which contain an ElgiloyTM spring providing a force that is directly related to its spring
coefficient (k) and the distance that it is compressed. Several appliances were
measured with a force gauge at the University of Connecticut Orthodontic Clinic,
resulting in an average full compression force of approximately 230g. The arch wire
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hex nut locks by which the appliance attaches to the wires afford the practitioner
freedom of point of force application. At full compression, this device can be attached
to the upper and lower dentitions such that it postures the patient forward a distance
chosen or prescribed by the orthodontist, with 3-4ram of protrusion yielding
advantageous results with other functional appliances. This functional appliance
aspect is augmented by the orthodontic force provided by the springs. To date, there
are not many comrolled, prospective studies of similar interarch force delivery
appliance systems, only retrospective studies that can tend to bias samples in favor of
positive treatment findings. Also, many studies fail to adjust for confounding
variables such as somatic maturation stage, gender, duration of treatment and control
observation, and even craniofacial pattern.
Hypotheses:
We hypothesize that:
1. Clinical dentoalveolar and skeletal movements are consistent with those predicted
based on mechanics of a predetermined, controlled initial loading condition
imparted by a fixed, intermaxillary, push-type functional appliance. Specifically,
predicted movements are:
intrusion and distalization of the maxillary molars
distalization and retroclination of the maxillary incisors
intrusion and proclination of the mandibular incisors
mesial movemem of the mandibular molars and incisors
decrease in A-B (OP) via:
increase in mandibular length
o restraint of anterior and inferior development ofthe maxilla
clockwise occlusal plane rotation
2. Dentoalveolar and skeletal changes resulting from said treatment in adolescent
patients with Class II malocclusions is statistically significant from normal growth
changes seen in controls matched by somatic maturation stage and gender.
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Objectives:
This controlled, prospective clinical study aims to:
1. Quantitatively assess the skeletal and dentoalveolar treatment effects of a specific
push-type intermaxillary fixed functional appliance, the Twin Force Bite
CorrectorTM, in adolescents and relate these results to skeletally age-matched
comrols.
2. Determine if the clinical response to this prescribed appliance loading condition
differs from that predicted based on theoretical mechanics, assuming the biologic
system as a Newtonian fluid such as air or water.
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Material and Methods:
Twin Force Bite CorrectorTM (Study) Sample
Twenty adolescent children exhibiting Class II maloccluded dentitions were
chosen to receive fixed functional appliance therapy with the Twin Force Bite
CorrectorTM (Ortho Organizers, San Marcos, CA). These patients of the University of
Connecticut Health Center Orthodontics Clinic are comprised of 12 males (average
age, 13.8 +/- 1.1 years) and 8 females (average age, 13.3 +/- 0.4 years). As depicted in
Table 1, Patient Overview, the 20 patients consisted of: (1) 3 males in CVMS I, (2) 8
males and 4 females in CVMS II, and (3) 1 male and 4 females in CVMS II. Inclusion
criteria were as follows"
Chronological Age..
1. Females between 10.5- and 14.5-years and males between 12- and 16-years old.
Dentition
1. Class II malocclusion post leveling and aligning with magnitude of Class II molar
and canine between 1/2- and full-cusp.
2. Overjet of at least 4mm post leveling and aligning.
3. Early permanent dentition with upper and lower arches through the first molars
leveled and aligned.
4. No significant dental asymmetries or missing teeth.
5. No existing dental decay or poor oral hygiene.
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Prior Appliance Therapy
1. No Class II appliance, headgear, or elastic therapy in 4 months prior to initial, T1
records and appliance insertion.
Lateral Cephalometr
1. Landmarks readily identifiable.
2. Cervical vertebrae visible through inferior border of C4.
Study Sample Treatment Protocol
At the point of appliance insertion, patients had a 0.019x0.025" stainless steel
wire in the upper arch and a 0.02 l x0.025"stainless steel wire in the lower arch,
engaged in 0.022" slot Nanda prescription brackets with the wires cinched distal to the
first molars in both arches. The mandibular incisors had-6 torque brackets (Ortho
Organizers, San Marcos, CA). Maxillary first molars had 0.032" palatal brackets, to
which a 0.032x0.032" ss Burstone trans-palatal arch (TPA) was delivered either
passively or with minimal expansion component as needed.
The standard size (424-215) Twin Force Bite Corrector was attached
superiorly between the maxillary first molar tube and second premolar bracket and
inferiorly between the mandibular first premolar and canine brackets such that the
mandible was in a state of no smaller than, and nearest to, 4mm of protrusion along
the occlusal plane when the appliance was at its shortest in full compression. The
appliance set-up is depicted in Figure 14.
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Appliance therapy was terminated when: (1) upon removing the appliance for
at least 30 minutes, the patient’s mandible could not be manipulated more posterior
than a-1 mm overjet interdental relationship, and/or (2) attached gingiva thickness
decreased or lower incisor labial root scalloping was present. The average
"treatment" time (T2-TI time between initial and final records) was 3.2 months, range
2-4.3 months. Each patient’s demographics and time of evaluation are depicted in
Table 2.
Control Sample
The experimental Twin Force subjects were paired with untreated adolescents
of the same gender and cervical vertebral maturation stage (CVMS) at T1. These
controls were obtained from the Denver Growth Study archive at the University of
Connecticut Health Center. This study longitudinally tracked the craniofacial and
dental development of male and female subjects from the 1930’s to 1950’ s. These
patients received no orthodontic treatment during the times studied. Inclusion criteria
were Class I or Class II skeletal profiles and serial cephalometric radiographs no more
than 14 months apart, exhibiting readily identifiable landmarks. Class I subjects have
been found to suffice as controls for Class II growth studies.9 The 20 control patients,
like the study group, were comprised of 3 male CVMS I, 8 male and 4 female CVMS
II, and 1 male and 4 female CVMS III subjects at T1 (Table 1). Average time expiring
between cephalograms was 11.8 months, range 5.9-14.1 months. Specific patient
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demographics and times of evaluation are depicted in Table 2. Chronologic age was
not available for all control subjects
Records
Initial records within the experimental group were taken no longer than one
week prior to appliance and TPA insertion. They consisted of lateral cephalometric
and panoramic radiographs taken at the University of Connecticut Health Center Oral
and Maxillofacial Radiology clinic, orthodontic study models trimmed per a centric
occlusion (CO- the point at which the teeth occlude when the condyles are in centric
relation) wax bite, and intra- and extra-oral photographs. Similar records were taken
one to two weeks after appliance removal.
Cephalometric Analysis
The pre-treatment (T1) and post-treatment (T2) cephalograms were hand
traced side-by-side on matte acetate paper by one investigator and verified by a second
investigator. Any disagreements were resolved by retracing the area in question to the
satisfaction of both investigators.
Landmark Identification
Twenty-four cephalometric landmarks (Table 3, Figure 15) were identified on
the T1 and T2 radiographs of each patient. These landmarks were comprised of 9
skeletal, 8 dental, and 7 soft tissue points known to elucidate craniofacial, maxillo-
mandibular, and dental relationships in various orthodontic analyses.
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Superimpositions
Cranial base, maxillary, and mandibular superimpositions were done by hand
to the agreement oftwo investigators.
A minimum of three points within the anterior cranial base, reproducible on
both T1 and T2 cephalograms, were necessary to achieve an accurate cranial base
superimposition. Maxillary superimpositions were obtained via a "best-fit"
approximation with superimposition of the anterior bony palate and internal maxillary
structures of primary importance. Mandibular superimpositions were obtained via
superimposition on the posterior symphyseal cortical plate and inferior border
primarily and the mandibular canal and third molar bud secondarily.
Measurement Protocol
After identifying the afore-mentioned landmarks (Table 3, Figure 15), the 19
linear and angular skeletal, dental, and soft tissue measurements and 1 relationship
calculation (LFH* 100/TFH%) of Table 4 and Figures 16-19 were made by hand using
a protractor calibrated to the 1/2 and Boley gauge calibrated to the 0.1 mm. Table 4
defines each of the 20 values and the method by which they were obtained. The
method of drawing/finding the functional occlusal plane (FOP) differed between the
control and the study groups. A line bisecting the long axes of the maxillary first and
second premolars was used as a perpendicular guide to establish the OP of the
controls. Due to the study group having appliances at the time of pre- and post-
appliance records, a line through the second premolar to canine brackets established
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the study group occlusal plane. This line, in turn, was verified via the aforementioned
control group method.
In calculating T2-T1 changes, two general methods were utilized. Firstly, the
independent cephalometric measurements listed in Table 4 were made on the
respective (T2, T1) cephalograms and the T1 measure would then be subtracted from
the T2 measure. All other measurements of change (Table 5A,B) were calculated
utilizing either cranial base, maxillary, or mandibular superimpositions. As elucidated
in Table 5A,B, anterior-posterior and vertical skeletal changes were measured along a
superimposed SN-7 "x" axis and its superimposed perpendicular "y" axis,
respectively, on a cranial base-superimposed pair of cephalograms. Horizontally,
anterior was deemed positive and vertically, inferior was deemed positive. This
method is depicted in Figure series 20-21. As in Figure 20, line SN7 was drawn at 7
less than line SN on the T1 cephalogram. This horizontal reference axis for the pair
was then superimposed on graph paper to facilitate horizontal and vertical change
measurements such as A Point Ax and Ay (Figure 21). All variables listed in Table 5A
were obtained similar to this.
Dental changes were obtained via the jaw superimpositions (Figures 22-23).
Upon either superimposition, the T1 functional occlusal plane (FOP) served as the
horizontal "x" axis and its perpendicular served as the vertical "y" axis. Likewise,
anterior and inferior changes were positive values.
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Data Normalization
Control group measurements were normalized for time and size to those of the
experimental group (Table 6). The normalization for time was necessary because of
the longer T2-T1 time period in the controls, mean of 11.8 months versus study group
mean of 3.2 months. Thus, the normalization factor by which all control group
measurements were normalized was 0.271 (3.2/11.795). The normalization for size
was necessary due to a slight discrepancy in magnifications of the cephalostat used in
the Denver Growth Study versus the machine used at the University of Connecticut.
This normalization factor was derived through measurement of S-N at T1 of all
control and study subjects. The average of the study group was 75.83mm and that of
the control group was 69.325mm. Therefore, to normalize linear measurement data of
the controls to those of the study group, a factor of 1.094 (75.825/69.325) was utilized.
Statistical Analysis
Means and standard deviations were calculated for initial (T1) forms.
Specifically, the comparisons of measurements in Table 4 were tabulated. Means and
standard deviations were also calculated and ranges provided for all changes in the
measurements listed in Tables 4 and 5A-B from T1 to T2. An independent-samples t-
test was used to determine significance of differences in initial forms and time period
changes, at levels of p<0.05, p<0.01, and p<0.001. The error of this method has been
investigated previously by MnNamara and colleagues (1990).
Results:
Analysis/Comparison of Initial Forms
The measurements of individual subjects within the experimental and control
groups are tabulated in Appendices A and B, respectively. From the T1 measurements
in this data set, an analysis of initial, or starting, forms was performed. Significant
between group differences were noted for some measures. The means and standard
deviations of the various measures in the study and normalized control groups, in
addition to the statistical significance of their differences, are provided in Table 8.
Tables 7A-E provide the iridividual subject measurements categorized by maxillary
skeletal and dental, mandibular skeletal and dental, general skeletal, general dental,
and soft tissue, and also provide the control measures prior to normalization for size.
Skeletal
The maxillary skeletal measurements ofANS-PNS(mm) and PP-SN7(deg)
revealed no significant differences, nor did the mandibular skeletal measurements of
Ar-Pg(mm) and MP-SN7. There was a slight difference in lower facial height
percemage of total facial height, with the study group having a larger percentage by
one degree, but actually equal to the norm at 55%. As would be expected with the
existence of Class I subjects among the controls, the study group had a much higher
N-A-Pg angle (10.9 vs. 4.5). Additionally, the significant difference in A-B(OP)
measures (4.9mm vs. 0.2mm) is related to this group demographic.
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Dental
Dentally, the study group exhibited a 10-degree difference in maxillary incisor.
proclination over that of the comrols (113.1 vs 102.8). There was no statistically
significant difference in mandibular incisor proclination (Mnl-MP) or protrusion
(Mnl-Apg). There was a small significant difference in OJ between groups (6mm
study vs. 4. lmm control). The study group’s molars were on average 2.8mm more
Class II than their control group counterparts (3.2mm-0.4mm). The Class II realm of
OJ with essentially Class I molars would most likely be due to an unleveled curve of
spee in the controls. The difference in occlusal plane angle between groups was not
significantly different (9.5 study vs. 11.4 control). The interincisal angle of the
study group was more acute than that of the control group (125.3 vs 134.6).
Soft Tissue
Incisal-show (Inc-Stm) was not significantly different between groups (3.9mm
study vs. 4.4mm control), nor was upper lip protrusion, UL-SnPg (5.3mm study vs.
3.6mm control). Study group lower lip protrusion (LL-SnPg), 4.1mm was
significantly more than that of controls, 1.6mm. This is consistent with this
measurement in mandibular retrognathic patients of past studies. Lastly, the
nasolabial angle of the study group was over 10 degrees more obtuse (125 vs 114.2).
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Analysis of Treatment (Study) and No-Treatment (Control) Effects
All twenty study subjects achieved the overjet criteria of appliance completion
(-0. l mm). Nevertheless, three subjects presented to clinic on the day of their
appliance removal with decreased attached gingiva and prominent lower incisor labial
root scalloping. These patients were subsequently followed and no adverse sequelae
ensued. The maxillary skeletal, maxillary dental, mandibular skeletal, mandibular
dental, general skeletal, general dental and soft tissue changes are tabulated in sub-
tables A-G respectively for study (Table 9), control (Table 10), and normalized control
(Table 11) groups. These three tables list changes in all the measures listed in Tables
4 and 5A,B for every subject. Table 12 displays the mean, standard deviation, and
range summaries for all measurements within study and normalized control groups
and the statistical significance of their differences at the three levels of confidence.
Skeletal Changes
Maxilla
The study group experienced a significant horizontal and vertical change ofA
Point over that of the controls. The A Point of the study group moved backward, as
opposed to forward in the controls, and the magnitude of inferior change was greater.
Change in vertical and horizontal position ofANS was not significant between groups.
The size of the maxilla did not change significantly from one group to the other.
There was a change of PP-SN7 in the study group that was slightly significant over
that of the controls. However, this change of less than 0.5 more of clockwise rotation
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could be within the realm of human tracing error. Figure 24 depicts the maxillary
skeletal change data in bar graph form.
Mandible
The change in anterior-posterior position of Pg was the same between groups.
Horizontal change in B Point was positive (anterior) in both groups but not significant
between them. However, vertical change of B Point was significantly more inferior in
the study group than that of the controls. In fact, this difference in change was a full
2mm. Although Menton moved inferiorly almost 1mm over that of controls, the
change exhibited by mandibular plane was insignificant. However, interesting to note
was that MPA actually decreased over the 3.2 months on average (-0.3-deg) in
comparison to no change in controls. In fact, a 3.5-degree reduction was seen in one
patient. So, in some patients, there was an internal matrix rotational pattern of growth
or, more likely with the maxillary posterior dental intrusion, autorotation of the
mandible.
The study group experienced a 1.4mm greater amount of absolute mandibular
growth (2. lmm vs. 0.7ram). The greatest change in Ar-Pg of the experimental group
was 4.7mm. Figure 25 depicts the mandibular skeletal change data in bar graph form.
Anterior-Posterior
Overshadowing even the significance of the changes seen in position ofA and
B Points is the magnitude of net reduction ofA-B(OP) in the study group (-4.9mm)
over that of the controls (0mm). Skeletofacial convexity was reduced by 1.4 degrees
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more in the experimental group over the controls. Figure 26 depicts the general
anterior-posterior skeletal change data in bar graph form.
Vertical
The change in upper facial height between groups was not significant while the
change in lower facial height was lmm more in the study group. However, when the
ratio of LFH/TFH was calculated and analyzed, this minor difference (Figure 26) was
not statistically significant.
Dental Changes
Maxillary
Maxillary dental changes were all significant over those of the controls with
the exception of the incisor root apex vertical change. The central incisors retroclined
just under 7 degrees more in the study group than in the controls, with a range of-2
to -15. The net translational changes of the central incisors revealed essentially a
posterior change relative to that of the controls. The molar crowns distalized 0.9mm
relative to the controls. Per the changes in each of the four molar points, it is evident
that the molars tipped back more and netted translational changes of intrusion and
distalization over the changes of the controls. The majority of study subjects exhibited
distalization of molar crowns with a range of 0.3mm to 2.8mm. All study subjects
exhibited intrusive change of the molar crowns, with a range of -0.1mm to
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-1.9mm. Although the maxillary first molars exhibited distal movement of both root
apices and crowns, the central incisors had a slight uncontrolled distal tipping response
with the root apex coming forward slightly. Maxillary dental change data can be
visualized in bar graph form in Figure 27.
Mandibular
All mandibular dental changes of the study group were significant over those
of the controls with the exception of anterior-posterior movement of the root apices of
both the central incisors and the molars. So, the net effect of this appliance over the
no-treatment of the controls was controlled tipping of the lower dentition forward in
the anterior-posterior dimension. Vertically, the dentition behaved consistent with a
clockwise occlusal plane rotation with center of rotation somewhere between the
incisors and molars. The molars extruded and the incisors intruded relative to the
controls. The magnitude of the protrusion change in lower incisors of the study group
was 2.6mm more than that of the controls and the proclination was 7.3 degrees more
in the study group over the controls. Mandibular dental change data can be visualized
in bar graph form in Figure 28.
IntermaxillarF
The reduction in OJ and molar measure of the study group versus the controls
was significantly greater. The study group experienced 5.2mm and 3.9mm more
reduction in OJ and molar, respectively. The occlusal plane rotated 5 more degrees
in the clockwise direction over the controls with the largest rotation of the range 7.5
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degrees. Interincisal angle between the groups did not change significantly.
Interdental relationship changes are in bar graph form in Figure 29.
Soft Tissue
The incisor-show, Inc-Stm, change of the study group was not significantly
more than that of the controls, despite a maxillary incisor that retroclined 7-degrees,
with a vertically stationary apex and relatively extruding incisal edge. Thus, the lip
either followed the retruding incisal edge or developed downward, or a combination
thereof, with emphasis being put on the former as it was only a 3.2 month period. We
can conclude that, although this appliance rotates the occlusal plane, it does so by
intruding the maxillary posterior more than extruding the anterior, essentially
rendering the incisor-show unchanged over that of untreated controls. The upper lip
of the study group moved posteriorly and "retroclined" relative to the controls, as
evidenced by a 0.8mm posterior movement of labrale superius and 2.0 degree increase
in nasolabial angle, respectively. The change in lower lip of the study group over that
of the controls was not significant. Figure 30 depicts soft tissue change in bar graph
form.
Discussion:
This prospective clinical study establishes a standardized appliance protocol by
which dentoalveolar and skeletal Class II correction can be achieved in growing,
adolescem patients. All too often, Class II appliance studies either do not have a
developmental age-matched control group or fail to be consistem in appliance
placement and anchorage among experimental subjects. This study yields clinically
viable results in addressing these issues. Firstly, twenty control subjects were matched
by somatic maturation stage and gender. Secondly, a standardized appliance protocol
allowed the investigators to control for the sundry parameters that, if altered, can
change the force system drastically in one study subject versus another.
Studies have shown that a patient’s somatic maturation stage relative to peak in
mandibular growth can effect the response that their maxillo-mandibular complex has
to the Herbst appliance4, a fixed Class II appliance similar in most respects to the
TFBC. The Cervical Vertebrae Maturation Stage system, as developed by Franchi and
Bacetti, was utilized in this study to classify somatic maturation stage of both study
and control group subjects. Together with matched genders, this best distributes
potentials for dentoalveolar and skeletal response between the groups.
It was important to control the loading condition parameters among the
experimental group. Well-controlled studies of the Herbst, the modified Herbst, the
Jasper Jumper, and other fixed appliances have yielded different results23’28’30’56
because of such factors as varying anchorage incorporation, force magnitude, and
points of force application. By comrolling the material (brackets, wires,
appliance/spring size), anchorage (incorporated teeth/distal cinches), and amounts of
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mandibular protrusion with an attached, fully compressed appliance, the clinical
response to treatment could be attributed to fewer confounding and deviating
variables.
The standardized appliance placement at greater than, but closest to, 4mm of
mandibular protrusion when at full spring/appliance compression controls for the
effective mandibular retrusion/closure musculature force and the effective spring
force, assuming approximately equal posturing among subjects. The exact history of
magnitude, direction, and duration of force application in loading conditions with
these appliances in a biologic system is virtually impossible to obtain due to the
transient nature of mandibular position and resultant musculature force. These forces,
however, can be qualitatively resolved into one resultant force that further can be
broken down into "horizontal" and "vertical" components, as depicted in Figures 31
and 32. If the horizontal, x-axis, is set as the functional occlusal plane (FOP) and the
vertical, y-axis, as the perpendicular to the x-axis through a specific point on the FOP,
at any stage of opening or closing of the mandible, the force can be resolved into
components along these two axes. A resultant force is in a superior, posterior
direction through the point of attachment of the appliance to the maxillary dentition
and an inferior, anterior direction through the point of attachment in the mandibular
dentition. As in Figures 31 and 32, the resultant force, as it acts on the mandibular
dentition, can be broken down into inferior and anterior components with a clockwise
moment about its center of resistance.
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At any degree of mandibular opening in this prescribed loading condition, the
force system at the maxillary dentoalveolar unit center of resistance is governed by the
following:
X axis: parallel to the functional occlusal plane.
Y axis: perpendicular to the FOP (x-axis) through a specific point such as CR.
(1) F= F + Fm
F, resultant force acting through the long axis of the appliance
F, force of the appliance (spring)
Fm, force of the mandibular retrusion/closure musculature, acting through the
long axis of the appliance.
(2) M FI x d
Ma, moment of the resultant force about the center of resistance
d, distance from the center of resistance to the resultant force vector along its
perpendicular
(3) Fp,x F(cos(R)), or
(4) Fv,x Fa(cOsO) + Fm(cos(R))
The highest distalizing appliance force component is obtained when the mandible
is closed ((R) smallest) and the appliance is at full compression (F @ full compression
approximately 230 g).
(5) Fx Fa (cos(R))
(6) Fa k (c)
k, Elgiloy spring coefficient
c, distance of compression of a spring
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So, with the patient occluding at a point of approx. 4mm protrusion, when the
appliance is at approx. 25 to the FOP and its springs are fully compressed, this
distalizing force component, Fax,is approx. 230g (cos25) 208g. The relationship of
the vertical appliance force components to appliance orientation and compression can
be analyzed in a similar fashion.
By analysis of the above governing equations of this system, the importance of
the contribution of the retrusive and closure musculature forces cannot be ignored.
Such was the reasoning in "controlling" the magnitude of this force through
protruding each study subject virtually the same amount. Additionally, these resolved
force systems strengthen the need for investigations such as this due to a differing
resultant force and moment about upper and lower dentition centroids when compared
with exhaustively studied passive fixed appliances such as the Herbst and the modified
Herbst. The resultant force with these appliances is equal to the musculature force
alone acting through the long axis of the appliance whereas the active appliances have
an additive spring force.
The appliance protocol also called for the rendering of each dentition a unit by
fixing the arch lengths with distal cinches. This was critical so that sliding mechanics
would be virtually eradicated and anchorage status would be essentially equal among
subjects. The upper and lower arch wires were chosen due to high stiffness and load-
deflection rate characteristics. Because of excessive lower incisor proclination and
upper buccal segment flaring in past studies of the similar force system Jasper
Jumper6, fully-engaged reverse-torqued mandibular incisor brackets and upper first
molar palatal brackets were chosen to bolster moment/force (M/F) ratios.
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Post-appliance records were taken at one week after appliance removal to
facilitate manipulating the patients into centric relation, minimizing any contribution
that temporo-mandibular joint inflammation could have had in doing so at the time of
appliance removal.
As a result of this study, we have concluded that the direction of movements of
the maxilla and its dentition and mandible and its dentition relative to matched
controls are coincident with those predicted. As in previous studies of the Herbst and
modified Herbst appliances’s, the maxilla itself did not react much to the force
system but its denture base, as evidenced by movement ofA Point, remodeled to
accommodate retroclining incisors. A Point was found to move backwards and
downwards.
A key component of the denture base and Class II molar and overjet
corrections was the 5-degree clockwise rotation over that of the controls. To help the
reader visualize how such an effect is possible, Figures 33 and 34 depict the
contribution that the geometric phenomenon of a clockwise occlusal plane rotation can
make in reducing A-B(OP), CII molar magnitude, and overjet. Corrections of
magnitudes 4.9mm, 5.3mm, and 3.9mm for A-B(OP), overjet, and molar, respectively,
are not obtained solely from anterior-posterior dental movement and augmented
mandibular growth, although these factors do play a part, in just 3.2 months. The
reduction is intimately related to the clockwise occlusal plane rotation of the study
group in response to the force system presented by the appliance.
A summary of the skeletal and dental contribution to overjet and molar
correction is depicted in Figures 35 and 36. 73.6% of overjet correction was dental in
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nature, 26.4% was skeletal. The skeletal contribution was entirely comprised of
mandibular change (1.4mm). The reader must recognize that the 2. lmm increase in
Ar-Pg is not the mandibular change along the T1 occlusal plane (1.4mm). The 3.9mm
of dental contribution to overjet correction was comprised of 1.7mm retrusion of the
maxillary central incisor edge and 2.2mm protrusion of the mandibular incisor edge.
Molar correction of 3.9mm was comprised of 1.4mm (35.9%) skeletal and 2.5mm
(64.1%) dental changes. Similar to overjet correction, the skeletal portion was entirely
mandibular. 72% (1 .Smm) of the dental component was mandibular.
With the appliance protocol of this study, the effective center of rotation of the
maxillary dentition appears to be close to the central incisor root apices, as evidenced
by the lack of their vertical movement. This is in contrast to general assertions in the
orthodontic community that it is located between the first and second premolar roots.
A center of rotation depends on the forces and force locations imparted on a system.
The effective center of rotation of the mandibular dentition in this study appears to be
in the middle but slightly offset to the anterior as evidenced by a greater (1.4mm)
average extrusion of the molars versus the intrusion of the incisors (1. l mm).
In comparison to clinical results of other fixed, intermaxillary Class II
correction appliances, the TFBC achieves similar overjet and molar corrections as the
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conventional Herbst2, the conventional Herbst with appliances (more anchorage)
and the modified Herbst28. In fact, when adjusted for time of treatment, these changes
are seen to be more in some instances. In terms of dental and skeletal contribution to
overjet and molar correction, the TFBC was seen to be nearly identical to that of the
conventional Herbst with appliances9. The TFBC achieved overjet correction via
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74% dental and 26% skeletal effects whereas the conventional Herbst with appliances
yielded 73% dental and 27% skeletal components. Likewise, the TFBC achieved
molar correction via 64% dental and 36% skeletal effects whereas the conventional
Herbst with appliances yielded 63% dental and 37% skeletal components.
Additionally, Weiland et al found molar correction in the Jasper Jumper to be
56comprised of 62% dental and 38% skeletal components.
Overall, relative to an occlusal plane that was rotated more than that seen with
other passive and active fixed, intermaxillary devices, the dental movements of the
Twin Force Bite CorrectorTM were greater. So, when considering mandibular
dentition anterior movement and maxillary dentition posterior movement along a
horizontal facial plane such as Frankfort Horizontal, movements were equal to or even
just less than with the afore-mentioned appliances. However, the TFBC has displayed
a propensity for advantageous vertical changes, i.e. intrusion of maxillary posterior
and mandibular anterior teeth and extrusion of mandibular posterior teeth, such that
anterior-posterior dental changes along a rotating occlusal plane are drastic.
Conclusion:
The Twin Force Bite CorrectorTM has proven to be a valuable tool in correcting
Class II dental relationships between 1/2- and full-cusp during a three month treatmem
period. It provides the orthodomist with a functional appliance design proven to yield
beneficial outcomes in orthopedic and orthodontic changes with the addition of low,
cominuous forces in directions and at points of application known to provide Class II
correction movements. It is extremely "user-friendly" and practical in that it can be
utilized as a supplementation to a full conventional appliance strap-up with minimal
preparation. It does not require laboratory fabrication like the Herbst and does not
exhibit a high breakage rate. Unlike headgear, this appliance is active full-time and
presems a loading condition similar to that of high pull headgear and the Herbst to the
maxilla and maxillary dentoalveolar unit with force application distal, or posterior, to
their centers of resistance and similar to the Herbst in force presentation to the
mandible and its dentition, with an intrusive and anterior resultant force and clockwise
moment about its center of resistance.
It would behoove the orthodontic community to investigate the post-appliance
retention of these changes and to delve further into clinical response trends among
groups of differing maturational stages, skeletofacial pattem, gender, etc. The number
of patients in this study would not justify any experimemal sub-group analysis such as
these but with more subjects, we can learn more. However, it would be important to
abide by a similar loading condition/appliance protocol as elucidated in this study.
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Table 1" Subject Overview
Study Control
CVMS I 3 3
M 3 3
F 0 0
CVMS II 12 12
M 8 8
F 4 4
CVMS lII 5 5
M 1 1
F 4 4
Subjects 20 20
Table 2: Sub,iect Demographics and Time of Evaluation
Study Subjects Control Subjects
Subject Gender CVMS T2-T1 (mos) Subject Gender CVMS T2-TI (mos)
1 M III 3.4
2 F III 4.2
3 F III 3
4 F III 3.1
5 M II 4.3
6 M II 2.4
7 F II 3.2
8 M II 4.3
9 M II 2.8
10 M II 3.2
11 M II 3.2
12 F II 2
13 M II 3.3
14 M 2.6
15 F II 3.3
16 F III 2.6
17 M I 2.7
18 F II 4.2
19 M II 3.4
2O M I 2.8
1 F II 5.9
2 M 14.1
3 M II 10.8
4 F III 14
5 M II 12.1
6 M III 12.2
7 M II 11.7
8 M II 10.9
9 F II 11.4
10 F III 11.9
11 F II 11.6
12 F II 9.6
13 M II 13.1
14 M II 12.8
15 M II 12.3
16 M 12.3
17 F III 12
18 F III 13
19 M II 11.1
20 M I 13.1
T2-T1 (Avg) 3.2 months 11.8 months
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Table 4: Independent (T1,T2) Cephalometric Measures
Craniofacial Relationship Measures
Maxillary Skeletal
1. ANS-PNS mm
2. PP-SN7 deg
Anterior-posterior dimension of mandible
Angle ofpalatal plane/nasal floor to constructed frankfort
Mandibular Skeletal
3. Ar-Pg mm
4. MP-SN7 deg
5. N-A-Pg deg
Effective length of mandible
Angle of mandible to constructed frankfort
Facial convexity angle; actually 180-(N-A-Pg)
Maxillo-Mandibular
6. A-B(OP) mm Position of maxillary denture base relative to mandibular
denture base along respective (T1,T2) functional occlusal plane
reference axes
Vertical
7. N-ANS y mm
8. ANS-Me y mm
9. LFH(100)/TFH %
Upper facial height, measured along perpendicular to SN7
Lower facial height, measured along perpendicular to SN7
Lower facial height percentage of total facial height
Interdental
10. OJmm
11. Molar nun
12. FOP-SN7 deg
13. Inter-Inc deg
Overjet-measure ofMxl incisal edge relative to Mnl incisal edge
along respective (T1,T2) functional occlusal plane reference axes
Molar relationship-measure of Mx6 mesiobuccal cusp tip relative
to Mn6 buccal groove point along respective (T1, T2) functional occlusal
plane reference axes
Angle of functional occlusal plane to constructed frankfort
Angle between upper and lower central incisors
Maxillar Dental
14. Mxl-SN7 deg
15. Inc-Stm y mm
Mandibular Dental
16. Mnl-MP deg
17. Mnl-APg mm
Angle between upper central incisor and constructed frankfort
Incisal show-measure from stomion superius to incision along
perpendicular to constructed frankfort
Angle between lower central incisor and mandibular plane
Protrusion of lower central incisor (along perpendicular to A-Pg line)
Soft Tissue
18. UL_SnPg mm
19. LL-SnPg mm
20. NL deg
Measure along a perpendicular to subnasale-sofl tissue pogonion to
labrale superius
Measure along a perpendicular to subnasale-soft tissue pogonion to
labrale inferius
Angle between nose and philtrum ofupper lip
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Table 5A: Cephalometric Measures Derived from Superimpositions (T2-T1)
Cranial Base Superimposition
Craniofacial Relationship Measures
Maxillary_ Skeletal
APt x mm
APt y mm
ANS xmm
ANS y mm
Anterior-posterior change ofA Point along constructed frankfort axis
(of T1)
Vertical change ofA Point along axis perpendicular to constructed
frankfort (of T1)
Anterior-posterior change ofANS along constructed frankfort axis
(of T1)
Vertical change ofANS along axis perpendicular to constructed
frankfort (of T1)
Mandibular Skeletal
Pg xmm
Meymm
B Ptxmm
B Ptymm
Anterior-posterior change ofPg along constructed franlffort axis (of T1)
Vertical change ofMe along axis perpendicular to constructed frankfort
(ofT1)
Anterior-posterior change ofB Point along constructed frankfort axis
(of T1)
Vertical change ofB Point along axis perpendicular to constructed
frankfort (of T1)
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Table 6: Derivation of Normalization Factors
Size (Magnification)
Subject Study T1 S-N (mm) Control T1 S-N (mm)
1 79 68.2
2 73.3 72.3
3 75.4 74.6
4 73.6 70.9
5 75.9 68.3
6 80.2 69.8
7 71.8 68.4
8 78.8 59.8
9 73.2 74.9
10 77.8 68
11 74.9 66.3
12 74.8 67.4
13 79.1 72.9
14 75.2 71.5
15 74.9 68
16 70.9 67.1
17 77.3 66.3
18 74.8 66.1
19 80.6 73.7
20 75 72
Mean 75.825 69.325
Factor 1 75.825 / 69.325
1.094
Time (months)
Study (T2-TI)
3.4
4.2
3
31
4.3
2.4
3.2
4.3
28
32
32
2
3.3
26
33
2.6
2.7
4.2
3.4
2.8
3.2
Control (T2-T1)
5.9
14.1
10.8
14
12.1
12.2
11.7
10.9
11.4
11.9
11.6
9.6
13.1
12.8
12.3
12.3
12
13
11.1
13.1
11.795
3.2 / 11.795
0.271





Table 8" Initial Form (T1) Comparison
Study
Mean SD
Maxillary Skeletal
ANS-PNS,absolute (mm) 56.8
PP-SN7 (deg) 0.4
3.75
2.96
Maxillary Dental
Mxl-SN7 (deg) 113.1 6.51
Mandibular Skeletal
Ar-Pg,absolute (mm)
MP-SN7 (deg)
110.6
24.9
7.01
7.43
Mandibular Dental
Mnl-APg (mm)
Mnl-MP (deg)
2
95.7
1.43
4.87
Control
Mean
102.8
114.5
26.1
1.4
95.9
SD
3.96
2.22
7.48
6.04
4.69
2.71
8.71
General Skeletal
N-ANS y (mm) 54.6 3.83 58.5 3.76
ANS-Me y (mm) 67.3 5.74 68.6 5.29
LFH(100)/TFH (%) 55.2 1.74 53.9 1.78
N-A-Pg (deg) 10.9 4.89 4.5 4.26
A-B(OP) (mm) 4.9 2.49 0.2 2.85
General Dental
OJ (mm) 6 1.88 4.1 1.33
Molar (mm) 3.2 1.2 0.4 0.95
OP-SN7 (deg) 9.5 9.53 11.4 4.13
Inter-Inc (deg) 125.3 7.34 134.6 12.95
Soft Tissue
Inc-Stm (mm) 3.9 1.86 4.4 2.38
UL-SnPg (mm) 5.3 1.83 3.6 3.55
LL-SnPg (mm) 4.1 1.22 1.6 2.88
NL (deg) 125 9.4 114.2 12.26
Control measurements are normalized for size
*** P<0.001
** P<0.01
* P<0.05
Significance
NS
NS
NS
NS
NS
NS
NS
NS
6O
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Table 9F" Study General Dental Changes
Subject OJ (mm) Molar (mm) OP-SN7 (deg)
1 -4.8 -4.3 4
2 -4.3 -3.1 5
3 -5.9 -2.1 6.5
4 -3.8 -2.3 2.5
5 -4.7 -6.3 4
6 -4.1 -3.5 5.5
7 -7.1 -4.8 5.5
8 -9.3 -5.5 4
9 -4.7 -3.3 7.5
10 -4.8 -4.8 5
11 -6.5 -4.6 6.5
12 -5.2 -4.1 5.5
13 -2.1 -1.6 -1
14 -5.5 -4.9 5
15 -6.5 -4.2 7
16 -7 -4.6 7.5
17 -5.8 -4.3 5.5
18 -6.4 -3.5 5.5
19 -2.8 -2.7 2
20 -5.4 -4.2 4
Inter_Inc (deg)
1.5
-2.5
-7
-7
0
-8
3
3
2
-6
4.5
-1.5
2
-2.5
-2
-3.5
1.5
-0.5
4
0
Mean -5.3 -3.9 4.9 -1.0
SD 1.61 1.18 2.01 3.82
P Value 0.0000 0.0000 0.0000 0.2030
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Table 9G" Study Soft Tissue Changes
Subject Inc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 0.4 -2.5 -1.6 4
2 0.7 -0.3 0.6 4.5
3 -0.8 -3.2 -2 3.5
4 -1 1.1 -3 -6
5 -0.5 -0.3 2.3 0.5
6 0.8 -0.3 1.7 0.5
7 -0.2 -1 0.9 1.5
8 -1.1 -2 0.7 2.5
9 1.9 -0.6 2.8 7
10 0.4 -1.5 0.2 4
11 2.7 -2.4 -0.9 0.5
12 0.4 1.2 1.5 0
13 -0.6 2.2 1.5
14 1.7 0 4.5 1.5
15 2.1 -2.5 1.1 9.5
16 1.2 -0.9 1.8 2
17 0.3 -0.9 0 3
18 -1.2 0.7 0.8
19 0.5 0.6 0.5 -1
20 0.4 -1
Mean 0.4 -0.7 0.7 2.1
SD 1.11 1.42 1.69 3.12
P Value 0.1808 0.0329 0.1979 0.0211
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Table 10F" Control General Dental Chanles
Subject OJ (mm) Molar (mm) OP-SN7 (deg) Inter_Inc (deg)
1 -0.4 -0.4 -0.5 -2
2 -0.4 0 -2 6
3 -0.7 -0.1 -1 3.5
4 0 -0.3 0 1.5
5 -0.5 -0.1 -3 -0.5
6 0.1 0 2.5 6.5
7 -0.3 -0.1 -3 1.5
8 -0.4 -0.1 -1.5 0
9 -0.4 -0.6 2.5 5.5
10 -0.2 -0.1 2 -5.5
11 -0.1 -0.3 -0.5 -2
12 -0.6 -0.3 1.5 -3
13 0.5 0.7 -1.5 4
14 0 0.7 -4 -0.5
15 -0.5 0.8 0 -2.5
16 -0.3 -0.6 -1 -3.5
17 0 -0.3 2.5
18 0 0 3 -2
19 0.1 0.4 2 3.5
20 -0.2 0.2 -4 2.5
Mean -0.2 0.0 -0.3 0.7
SD 0.29 0.40 2.26 3.41
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Table 10G" Control- Soft Tissue Changes
Subject Inc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 -0.3 0 -0.1 -8.5
2 1.9 -1.1 -0.3 10
3 -1.1 -1 4.5
4 -0.4 0 1.2 12
5 -0.6 0.3 1.9 3.5
6 1.4 -3.1 -2.2 9
7 -1 5.4 3.2 -13
8 1.2 2.4 1.8 -5.5
9 0.9 1.5 -0.2 -2.5
10 2.4 -1.7 -1.2 0
11 -0.9 -1.9 -0.2 -7.5
12 O. -0.2 -0.5
13 0.3 -1.1 -3 -10
14 -0.8 -0.2 0.3 -4.5
15 0.1 -0.3 0.4 2
16 -0.4 0.2 -0.3
17 0.2 -0.4 -0.4 6
18 -1 0.7 1.8 10.5
19 1.6 -1 7.5
20 -1.9 3.4 5.1 0
Mean 0.2 0.1 0.4 0.7
SD 1.13 1.94 1.82 7.29
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Table l lF" Control- General Dental Changes (Norm)
Subject OJ (mm) Molar (mm) OP-SN7 (deg) Inter_Inc (deg)
1 -0.1 -0.1 -0.1 -0.5
2 -0.1 0.0 -0.5 1.6
3 -0.2 0.0 -0.3 0.9
4 0.0 -0.1 0.0 0.4
5 -0.1 0.0 -0.8 -0.1
6 0.0 0.0 0.7 1.8
7 -0.1 0.0 -0.8 0.4
8 -0.1 0.0 -0.4 0.0
9 -0.1 -0.2 0.7 1.5
10 -0.1 0.0 0.5 -1.5
11 0.0 -0.1 -0.1 -0.5
12 -0.2 -0.1 0.4 -0.8
13 0.1 0.2 -0.4 1.1
14 0.0 0.2 -1.1 -0.1
15 -0.1 0.2 0.0 -0.7
16 -0.1 -0.2 -0.3 -0.9
17 0.0 -0.1 0.7 0.3
18 0.0 0.0 0.8 -0.5
19 0.0 0.1 0.5 0.9
20 -0.1 0.1 -1.1 0.7
Mean -0.1 0.0 -0.1 0.2
SD 0.09 0.12 0.61 0.92
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Table llG" Control- Soft Tissue Changes (Norm)
Subject Inc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 -0.1 0.0 0.0 -2.3
2 0.6 -0.3 -0.1 2.7
3 0.3 -0.3 -0.3 1.2
4 -0.1 0.0 0.4 3.3
5 -0.2 0.1 0.6 0.9
6 0.3 0.3 0.3 0.3
7 -0.3 1.6 0.9 -3.5
8 0.4 0.7 0.5 -1.5
9 0.3 0.3 0.3 -0.7
10 0.7 -0.5 -0.4 0.0
11 -0.3 -0.6 -0.1 -2.0
12 0.0 -0.3 -0.1 -0.1
13 0.1 -0.3 -0.9 -2.7
14 -0.2 -0.1 0.1 -1.2
15 0.0 -0.1 0.1 0.5
16 -0.1 0.1 -0.1 0.3
17 0.1 -0.1 -0.1 1.6
18 -0.3 0.2 0.5 2.8
19 0.5 -0.3 0.3 2.0
20 -0.6 1.0 1.5 0.0
Mean 0.1 0.1 0.2 0.1
SD 0.33 0.53 0.51 1.90
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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